In patients with traumatic brain injury and fractures of long bones, it is often clinically observed that the rate of bone healing and extent of callus formation are increased. However, the evidence has been unconvincing and an association between such an injury and enhanced fracture healing remains unclear. We performed a retrospective cohort study of 74 young adult patients with a mean age of 24. These results confirm that an injury to the brain may be associated with accelerated fracture healing and enhanced callus formation. However, the severity of the injury to the brain, the type of intracranial haemorrhage and gender were not statistically significant factors in predicting the rate of bone healing and extent of final callus formation.
In patients with traumatic brain injury and fractures of long bones, it is often clinically observed that the rate of bone healing and extent of callus formation are increased. However, the evidence has been unconvincing and an association between such an injury and enhanced fracture healing remains unclear. We performed a retrospective cohort study of 74 young adult patients with a mean age of 24. These results confirm that an injury to the brain may be associated with accelerated fracture healing and enhanced callus formation. However, the severity of the injury to the brain, the type of intracranial haemorrhage and gender were not statistically significant factors in predicting the rate of bone healing and extent of final callus formation.
It is widely believed that bone healing and callus formation are increased following a brain injury. 1 However, there is little evidence in the literature and the papers reporting enhanced osteogenesis after brain injury have included diverse patient characteristics, methods of treatment and patterns of injury. [2] [3] [4] [5] [6] Fracture healing involves an orderly and intricate cascade of events, 7 beginning with inflammation, followed by differentiation of fibrous tissue and cartilage, and ending with endochondral ossification. Nonunion is more likely after high-energy fractures with poor stability and profound changes in the medullary and periosteal blood supply. 8 Following injury, the brain reacts by producing a cascade of cellular and molecular responses, 9 including immune-inflammatory processes, which involve cytokines, growth factors and other biomolecules. [10] [11] [12] It is likely that these factors contribute to local and/or systemic tissue recovery and repair in the later stages after brain injury 11, 12 and might also affect bone healing. This study was designed to evaluate the effects of brain injury on bone healing in young adults with simple femoral shaft fractures treated by intramedullary nailing using a standard technique.
Patients and Methods
We included young adults between 16 Patients showing the effects of drugs or alcohol, clinical manifestations caused by other injuries or problems from a penetrating craniocerebral injury were also excluded. The enrolled patients with a simple femoral shaft fracture were then separated into the following groups for further analyses: patients with an injury to the brain (group 1: experimental) and those without (group 2: control).
The patients' data included age, gender, history, mechanism of injury, presenting signs and symptoms, laboratory findings and complications were recorded, including the outcome of treatment such as the time required for bridging callus formation (BCF) and the mean callus thickness (MCT) at final follow-up. The patients with brain injury and femoral fractures were grouped for further analysis according to the severity of head injury, type of intracranial haemorrhage and gender.
All patients underwent locked antegrade reamed intramedullary nailing through a standard closed technique. 8, 13 They were assessed clinically and radiologically one week post-operatively. Further anteroposterior and lateral radiographs were obtained monthly for nine months, then at 12 months.
The main outcome measures were the time required for bridging callus formation, defined as the first appearance of bridging callus on both anteroposterior and lateral radiographs and the final mean thickness of the callus, which was usually at 12 months post-operatively, using a modified version of the method described by Spencer. The group and subgroup variables were compared by univariate analysis. The Wilcoxon rank sum test was used to compare continuous variables and the chisquared, Fisher's exact and Kruskal-Wallis tests were used to compare categorical variables. Statistical significance was defined as p < 0.05. All statistics were two-sided and performed using the Statistical Package for the Social Sciences (SPSS, v12.0; SPSS Inc., Chicago, Illinois).
Results
We included 74 patients with a mean age of 24.2 years (16 to 40), of whom 48 (64.9%) were male and 26 (35.1%) were female. A total of 20 patients (27.0%) had a brain injury (group 1) and 54 (73.0%) did not have a brain injury (group 2). There were five nonunions (6.8%), all in group 2. Although there was a trend toward a higher rate In order to clarify the effects of brain injury on bone healing and callus formation, we excluded the five nonunions from further analysis, leaving 20 patients (29.0%) in group 1 and 49 patients (71.0%) in group 2. There were no significant differences in age (p = 0.137), gender (p = 0.410), side of fracture (p = 0.600) and AO type (p = 0.862) between the groups. The mean times to bridging callus formation in group 1 and 2 patients were 2.3 months (1 to 3) and 3.33 months (2 to 6) months, respectively (p < 0.001) ( Table I ). The mean final callus thickness in the two groups was 19.04 mm (11.5 to 29.5) and 13.98 mm (8.5 to 24.0), respectively (p < 0.001) ( Table I) .
In order to clarify the effects of the severity of brain injury on bone healing and callus formation, we classified the group 1 patients into two subgroups according to their Glasgow coma scale (GCS). 9 There were eight patients with GCS ≤ 8 and 12 patients with GCS > 8. Apart from the mean GCS between the two subgroups (7.13 (6 to 8) and 13.25 (9 to 15), respectively; p < 0.001), a comparison between these groups revealed no significant differences in age, gender, side of fracture, and AO classification. The mean time to bridging callus formation for patients with GCS ≤ 8 and those with GCS > 8 was 2.13 months (1 to 3) and 2.42 months (1 to 3), respectively; whereas the final mean callus thickness was 20.84 mm (13.0 to 29.5) and 17.83 mm (11.5 to 27.3), respectively. Although there was a trend toward a shorter time to bridging callus formation and a larger final mean callus thickness in the patients with GCS ≤ 8, this was not statistically significant (p = 0.521 and p = 0.153, respectively; Wilcoxon rank sum test) (Table II) .
In order to clarify the effects of different types of brain injury on bone healing, we classified the group 1 patients according to their CT scan. There were seven patients with a subarachnoid haemorrhage, four with subdural haemorrhage, six with an intracerebral haemorrhage and three) with a combined subarachnoid and intracerebral haemorrhage. Comparisons among these four subgroups showed no significant differences in age, gender, side of injury, mean GCS, bridging callus formation times or final mean callus thickness values (all p-values ≥ 0.189) (Table III) .
There was no significant effect of gender on bone healing and callus formation in group 1 patients (all p ≥ 0.383) (Table IV) .
Discussion
These results support the view that a brain injury may be associated with accelerated fracture healing and an enhanced rate of callus formation. We also observed particularly accelerated fracture healing in the patients with subdural haematoma and severe brain injury (GCS ≤ 8), although there was not enough evidence to support the superiority of healing in this group with respect to the others.
Earlier studies have reported the association of this phenomenon with femoral and other extremity fractures. [1] [2] [3] [4] [5] [6] [14] [15] [16] However, the evidence is unconvincing, and an association between brain injury and enhanced osteogenesis has remained unproven. 17 In order to minimise systemic errors and bias, we used more stringent inclusion and exclusion criteria than those in previous clinical studies. [1] [2] [3] [4] [5] [6] [14] [15] [16] Most authors who have considered the osteogenic effects of brain injury have assumed that humoral factors enhance fracture healing and callus formation in patients with a severe injury. 3, 5, 16, [18] [19] [20] However, there is little published information to support such a correlation. The GCS is frequently used to interpret the severity of brain injury, which is classified as severe with GCS ≤ 8, moderate with GCS between 9 and 12 and mild with GCS ≥ 13.
9
Our study revealed a trend towards enhanced osteogenesis in severe brain injury compared with mild-to-moderate injury. However, the differences were not statistically significant.
Similarly, there is little published information on the association between different types of brain injury and the rate of bone healing and extent of callus formation. We classified patients with brain injury according to the pattern of intracranial haemorrhage on CT scans. It is interesting that patients with an extra-axial brain lesion (subdural haemorrhage) seemed to have enhanced osteogenesis compared with intra-axial lesions (intracerebral haemorrhage), other extra-axial lesions (subarachnoid haemorrhage) and mixed lesions (combined intracerebral and subarachnoid haemorrhages). Although there was no statistically significant evidence to support the superiority of patients with a subdural haemorrhage or animal models of subdural haemorrhage as candidates for future clinical or basic research, we suggest that the selection of these groups may be the best option.
Oestrogen, the primary female sex hormone, plays a fundamental role in skeletal growth and bone homeostasis in men and women. 21 Its deficiency is known to increase bone resorption and oestrogen replacement can reverse this effect and enhance the healing of fractures.
21,22
As we did not control the variable of gender it was necessary to clarify its effects on osteogenesis after brain injury. Although our results showed that females appear to have a shorter mean time to bridging callus formation but a lower final mean callus thickness than males, the genders did not differ significantly in these two outcome measures.
This investigation has several limitations, including the small number of cases, diversity of the patterns of brain injury and the lack of a comparative group with femoral shaft fractures and extra-dural haematoma. This was due to strict adherence to the exclusion criteria.
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